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ATTORNEY REF. NO. 53597. 1501 PATENT 
SIGNAL TIMING ADJUSTMENT CIRCUIT WITH EXTERNAL RESISTOR 



RELATED APPLICATIONS 
[0001] This application claims priority to the co-pending U.S. provisional patent 
application number 60/395,584, filed July 12, 2002, entitled "PLL Based Zero Delay Buffer 
with an Input to Output Timing Relationship that is Adjustable with an External Resistor," 
which is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 
[0002] This invention relates to a method and/or architecture for adjusting the 
timing of a clock signal and/or a data signal. 

BACKGROUND OF THE INVENTION 
[0003] In the design of computer boards, the timing relationship between data 
signals and the synchronizing clock signals is very critical. Significant skew between the 
timing of data signals and clock signals can result in errors such as loss of data, and it can 
also impair the performance of a system. Maintaining adequate timing margin between data 
signals and clock signals has become ever more difficult as clock signals have increased in 
frequency. 

[0004] Prior attempts to calibrate clock and data signals have included complex 
circuitry that increases manufacturing costs and limits the computer board designer's ability 
to quickly and easily calibrate clock and data signal timing Other prior attempts to adjust 
timing relationships between clock signals and data signals include adjusting the length of 
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printed circuit board (PCB) clock traces and adding capacitors and/or resistors to the PCB 
clock traces. A PCB trace is a path, typically comprised of copper, that carries a signal from 
one point to another on a PCB. Adjusting the length of a PCB clock trace allows the 
designer to increase or decrease the time that it will take a signal to travel from one end of 
the trace to the other end of the trace. This offers a solution that is both precise in timing and 
very repeatable. However, the method is also very inflexible. Once a clock trace is 
established on a PCB, the trace cannot be modified without re-design and re-manufacture of 
the computer board. Thus, adjusting computer board timing by adjusting the length of PCB 
clock traces can be very time consuming and expensive. Similarly, adding capacitors and/or 
resistors to the PCB clock traces tends to attenuate the clock signals and slow down the clock 
signals' transitions. These two effects result in more uncertainty in the clock timing which 
results in less timing margin. 

[0005] If a means could be provided whereby the computer board designer could 
easily adjust the timing relationship between the clock signals and data signals, this would 
make the development of computer boards easier and faster. This would also improve the 
performance of the computer board. 

SUMMARY OF THE INVENTION 
[0006] The present invention provides a means for adjusting the timing 
relationship between the clock and data signals on a circuit board using a zero delay buffer 
and an external resistor. In accordance with a preferred embodiment, a semiconductor device 
has an external resistor for establishing a delay of a signal relative to another signal of the 
circuit. 
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[0007] In accordance with an alternate embodiment, a semiconductor device 
includes a buffer, preferably a zero-delay buffer, that receives an input signal and generates a 
plurality of output signals that relate to the input signal. The zero-delay buffer includes a 
delay generator. A resistor has a first resistor end and is electrically connected to the delay 
generator and a second resistor end that is electrically connected to ground. The resistor is 
external to the zero-delay buffer. The device may be implemented on a circuit board and the 
external resistor is removably connected to a pin on the device package. The device may also 
include a plurality of internal capacitors which are used in conjunction with an external 
resistor for providing a timing reference, such that each capacitor has a first capacitor end 
that is electrically connected to a current source and a second capacitor end that is electrically 
connected to ground or a voltage reference. The buffer preferably includes a phase locked 
loop that has a phase detector, and the delay generator, a delay line and the external resistor 
are electrically connected to adjust the timing of a signal before the signal reaches the phase 
detector. 

[0008] In accordance with an alternate embodiment, a method of adjusting the 
timing of an output signal of a semiconductor device includes the steps of electrically 
connecting a first terminal of an external resistor to a buffer, such as a zero-delay buffer, that 
generates a plurality of output signals, and electrically connecting a second terminal of the 
external resistor to a ground or a voltage reference. The zero-delay buffer includes a delay 
generator and a phase locked loop, and the first terminal of the external resistor is electrically 
connected to delay generator to adjust the timing of one or more of the output signals in an 
amount that is dependent upon the value of the external resistor. 
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[0009] In accordance with an alternate embodiment, a semiconductor device 
includes an input terminal for receiving an input signal, a buffer, such as a zero-delay buffer, 
for generating a plurality of output signals, and an external resistor for altering a timing of 
one or more, or all, of the plurality of output signals relative to a timing of the input signal. 

[0010] There have thus been outlined the more important features of the invention 
in order that the detailed description thereof that follows may be better understood, and in 
order that the present contribution to the art may be better appreciated. There are, of course, 
additional features of the invention that will be described below and which will form at least 
part of the subject matter of the claims appended hereto. 

[0011] In this respect, before explaining at least one embodiment of the invention 
in detail, it is to be understood that the invention is not limited in its application to the details 
of construction and to the arrangements of the components set forth in the following 
description or illustrated in the drawings. The invention is capable of other embodiments and 
of being practiced and carried out in various ways. Also, it is to be understood that the 
phraseology and terminology employed herein, as well as the abstract included below, are for 
the purpose of description and should not be regarded as limiting in any way. 

[0012] As such, those skilled in the art will appreciate that the concept and 
objectives, upon which this disclosure is based, may be readily utilized as a basis for the 
design of other structures, methods and systems for carrying out the several purposes of the 
present invention. It is important, therefore, that the claims be regarded as including such 
equivalent constructions insofar as they do not depart from the spirit and scope of the present 
invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] FIGs. 1 A and IB illustrate an exemplary zero-delay buffer and the typical 

relationship between input and output signals from such a device. 

[0014] FIGs. 2A and 2B illustrate a preferred embodiment of the invention, and 

exemplary signals, in which the zero-delay buffer is connected to an external resistor that 

enables a time shift between the input signal and output signals of the zero-delay buffer. 
[0015] FIG. 3 provides additional detail of the elements of the zero-delay buffer of 

FIG. 2A. 

[0016] FIGs. 4A and 4B illustrate an embodiment of the invention, and exemplary 
signals, in which the zero delay buffer includes an external resistor that enables a time shift 
between the various output signals of the zero-delay buffer. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0017] The present invention uses a semiconductor device such as that known as a 
zero-delay buffer (ZDB) to allow a computer board designer to adjust the phase (or timing) 
relationship between the input clock and the output clocks of the ZDB with an external 
resistor. The board designer then can optimize the timing relationship between the 
synchronizing clock signals and the data signals to achieve maximum timing margin and 
optimal performance. 

[0018] The use of a ZDB to create clock signals on a computer board is commonly 
known. A ZDB is a timing device that duplicates a synchronizing clock signal. The output 
of an ideal ZDB is a clock signal or set of clock signals that have the exact same frequency 
and the exact same phase as its input clock signal. An exemplary ZDB structure may be 
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found in, for example, U.S. Patent No. 6,229,861, to Young , of which Figures 3 and 4 and 
the accompanying text are incorporated herein by reference, as well as U.S. Patent No. 
6,466,078, to Stiff , and U.S. Patent No. 5,859,550, to Young . 

[0019] In the present invention, a buffer, and preferably a phase locked loop- 
based buffer such as a ZDB, is used in combination with an external resistor to allow 
adjustment and optimization of the clock signal timing relative to the data signals. Normally, 
a ZDB produces copies of an input clock that are of the same frequency and substantially, 
and preferably exactly, in phase with the input clock. FIGs. 1A and IB illustrate the 
operation of exemplary ZDB 10. As shown in FIG. 1 A, ZDB 10 includes a phase locked 
loop (PLL) 12 and produces a number of output signals CLKOUT1 through CLKOUTN in 
response to an input signal CLKIN. Exemplary PLL circuits are disclosed in Figures 1 and 2 
and the accompanying text in U.S. Patent No. 6,356,122 to Seyalia, as well as in Figure 1 and 
the accompanying text in U.S. Patent No. 5,446,867 to Young, et al . The preferred PLL 
structure is that commonly known to those skilled in the art as a "type 2 PLL" or "integrator 
and lead PLL", another PLL circuit that produces the desired result may be used. As shown 
in FIG. IB, the output signals CLKOUT1 through CLKOUTN of the exemplary ZDB exhibit 
the same phase and frequency as input signal CLKIN. 

[0020] In a preferred embodiment of the present invention, a computer board 
designer can adjust the phase (timing) relationship between the input clock signal CLKIN or 
feedback signal 25 and the output clock signals of the ZDB by adjusting the value of an 
external resistor. The computer board designer can then optimize the timing relationships 
between the system clock or feedback signals and data signals by adjusting the value of this 
external resistor. A preferred embodiment of this feature is illustrated in FIGs. 2A and 2B. 
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Referring to FIG. 2A, the ZDB 10 still includes PLL 12, and it also includes delay generator 
14 and delay lines 16 and 18. PLL 12 preferably includes a phase detector and other 
elements typical of a type 2 PLL or integrator and lead PLL. External resistor Rext 24 is 
included in the circuitry between delay generator 14 and ground or a voltage reference. 
Optionally and alternatively, in the present invention the resistor may be included in or 
integral with the ZDB and connected to ground or the voltage reference via an external link, 
although an external resistor is preferred since it may be more easily removed and 
exchanged, such as when connected to the ZDB via a pin on the integrated circuit or device 
package. 

[0021] The preferred operation of the additional elements shown in FIG. 2A will 
be discussed below in the text that refers to FIG. 3. As shown in FIG. 2B, this structure 
yields output signals CLKOUT1 through CLKOUTN that are equal to CLKIN in frequency 
and magnitude, but which are different from CLKIN in phase in an amount A T 28 that is 
dependent upon the value of external resistor R E xt 24. The output signals are advanced or 
retarded in phase relative to CLKIN based on the setting of an Advance/Retard Outputs pin 
26 on the PCB. 

[0022] A preferred embodiment of a ZDB circuit that can perform the input clock 
signal to output clock signals timing adjustment with an external resistor of adjustable value 
is illustrated in FIG. 3. This circuit has the ability to create delay lines which have delays 
that are only dependent on the value of an external resistor 24 and the value of internal 
capacitors 34 and 36 of the integrated circuit. The delay lines 16 and 18 are used with the 
ZDB's PLL 12 to adjust the timing relationship between the clock input signal and clock 
output signals. 
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[0023] The preferred operation of the circuit illustrated in FIG. 3 is as follows. 
The external resistor 24, Rext, is external to Delay Generator 23 and is used to create a 
current, Irx, having a value that is substantially equal in value to Vn/Rexi- The current I RX is 
generated by using operational amplifier (op amp) OP1 41 and n-channel device MN3 53 to 
force a voltage substantially equal in value to Vn across resistor Rext 24, The voltage, V N , is 
generated by sourcing current from P-channel device MP1 71 into the diode-connected N- 
channel device MN2 52. The gate bias voltage for MP1 71 is preferably generated by a 
Power Supply Independent Bias Cell 38. The current, Irx, flows through transistor MN3 53 
and P-channel bias device MP2 72, 

[0024] The gates of P-channel transistors MP3 73 and MP6 76 are connected to 
the drain and gate of MP2 72. Because of this, devices MP3 73 and MP6 76 have 
substantially the same value of current flowing in them as MP2 72. In other possible 
configurations, and in fact in the preferred embodiment, devices MP3 73 and MP6 76 could 
be cascoded with other p-channel transistors in series. The current Irx is used to charge 
timing capacitors Ci 34 and C2 36. In a preferred embodiment, the value of capacitor C2 36 
is 1 .2 times the value of C\ 34. However other ratios having a value greater than one (such as 
1.1 to 1) may be used. N-channel devices MN4 54 and MN5 55 are used to periodically 
discharge capacitors Ci 34 and C2 36. The periodicity of this discharge is set by the 
frequency of an on chip oscillator 46 or other appropriate functional element. 

[0025] After capacitors Ci 34 and C 2 36 have been discharged and the gates of 
MN4 54 and MN5 55 are forced substantially to zero volts to turn them off, capacitors Ci 34 
and C2 36 begin charging with a charging current value of Irx. Comparators COMP1 61 and 
COMP2 62 are used to determine when the capacitors have charged up to a value of V N , or 
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the voltage across MN2 52. As shown in FIG. 3, the threshold voltage for comparators 

COMP1 61 and COMP2 63 preferably comes from op amps OP2 42 and OP3 43. OP2 42 

and OP3 43 provide two voltage sources with a value substantially equal to V N . The time 

required to charge up to V N is longer for capacitor C 2 36 than capacitor Q 34 even though the 

charging current for both is the same. The charging time is longer because C2 36 is has a 

larger value than Ci 34. Preferably, C2 36 is 1.2 times larger than Ci 34. A preferred 

equation set that derives the charging time difference, tc2 - tfci» is 

tci = VnQi ; Irx = Yn 

Irx Rext 

tci = VnCi 

Vn/Rext. 

t c i = Rext Ci 

tc2 = VnC^ ; C2 = 1.2 Ci 

Irx 

; Irx = Yn 
Rext. 

tc2 = VnLICi 

Yn/Rext 

t C 2 = 1.2 Rext Ci 

t C 2 - t c i = 1 .2 Rext Ci - Rext. Ci 

t C 2-t c i = 0.2 RextCi 



[0026] Examination of the above equation set shows that, in the preferred 
embodiment, the charging time difference is only dependent on the value of Rext 24 and the 
values of capacitors Ci 34 and C2 36. When the voltage on each capacitor, Ci 34 and C 2 36, 
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exceeds Vn, the outputs of each comparator, COMP1 61 and COMP2 62, transition from a 
low voltage to a high voltage. The difference in time between the output transitions of 
COMP1 61 and COMP2 62 is equal to the charging time difference of Ci 34 and C 2 36. 

[0027] The output transitions of COMP1 61 and COMP2 62 are fed into a Delay 
Lock Loop (DLL) block 30. The DLL forces a Master Delay Line 64 to have a delay equal in 
value to the time difference between the output transitions of COMP1 61 and COMP2 62. 
This delay value is also equal to t c i - t c2 which is the charging time difference of C\ 34 and 
C2 36. The Master Delay Line 64 therefore has a delay value of 0.2 R E xt Ci. 

[0028] Two delay lines that are scaled versions of the Master Delay Line 64 may 
be placed in series with the PLL inputs. These two delay lines, CK Delay Line 16 and FB 
Delay Line 18, are preferably scaled to have delay values that are approximately 0.2 times the 
delay value of the Master Delay Line 62. Thus, the net result is that the delay values for the 
CK Delay Line 16 and the FB Delay Line 18 are equal to 0.04 Rext Ci. 

[0029] The control of the timing relationship between the PLL clock outputs and 
the clock input is done in the following manner. First, the selection of whether to advance or 
retard the clock outputs relative to the clock input is made by forcing the 
'ADVANCE/RETARD' input 26 to the corresponding logic level. If ADVANCE is 
selected, multiplexer MUXFB 22 passes a signal from the FB Delay Line 18, and the 
multiplexer MUXCK 20 passes a signal that comes directly from the CLKIN input. This 
creates a extra delay in the feedback path of the PLL 12. Preferably, the value of this delay is 
equal to 0.04 R EX t C\. Accordingly, the user of this circuit can adjust the amount of delay 
between the clock input and the clock outputs by adjusting the value of Rext 24. Because of 
this extra delay that is in the feedback path, the PLL forces the clock outputs to be advanced 
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in phase relative to the clock input. The PLL advances the clock outputs until the inputs to 
the PLL are aligned in phase. 

[0030] If RETARD is selected at the ADVANCE/RETARD input 26, extra delay 
is put into the clock input path. Extra delay in the clock input path results from multiplexer 
MUXCK 20 passing a signal from the CK Delay Line 16 and multiplexer MUXFB 22 
passing a signal directly from the feedback line. The extra delay in the clock input path 
results in the clock outputs being retarded in phase relative to the clock input. 

[0031] The DLL 30 works in the following manner. The inputs to the DLL phase 
detector 66 originate from the outputs of COMP1 61 and COMP2 62. The output signal of 
COMP2 62 feeds directly into phase detector 66 and the output signal of COMP1 61 first 
passes through the Master Delay Line 64 before going to the input of phase detector 66. The 
DLL 30 forces the rising edges of the phase detector 66 inputs to be aligned in phase. The 
DLL does this by adjusting the delay value of the Master Delay Line 64 until the phase 
detector 66 inputs are aligned. If the rising edges of the phase detector 66 inputs are not in 
phase alignment, the appropriate error correction signal is generated at either the 'UP' output 
or 'DOWN' output of phase detector 66. The UP or DOWN signal then drives the Charge 
Pump 68 to charge or discharge the capacitor Cbsjt 32 with the appropriate amount of 
electrical charge. The voltage on the capacitor Cint 32 then drives the Delay Line Bias 
Generator 14. The Delay Line Bias Generator 14 develops a signal that may be called 
"Bias," which may be used to control the amount of delay in the Master Delay Line 64. 

[0032] The Delay Line Bias Generator 14 creates a bias voltage or bias current 
that is fed into the Master Delay Line 64. Two other bias lines from the Delay Line Bias 
Generator 14 are fed into the CK Delay Line 16 and the FB Delay Line 18. The bias voltage 
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or bias current controls the amount of delay in the Master Delay Line 64, the CK Delay Line 
16, and the FB Delay Line 18. At an update rate that is equal to the frequency of the On- 
Chip Oscillator 46, the DLL 30 periodically checks the phase relationship at the inputs to the 
phase detector 66 and produces a correction signal to drive the delay of the Master Delay 
Line 64 in the direction to force the two phase detector 66 inputs to be in phase. Eventually 
the DLL 30 will force the Master Delay Line 64 to a delay value, and preferably a delay value 
of 0.2 Rext- C\. This also results in the delay value of CK Delay Line 16 and FB Delay Line 
18 being equal to 0.04 Rext A, 

[0033] In an alternate embodiment, an external resistor can also be used to adjust 
the timing relationship between one clock output of the ZDB and another clock output of the 
ZDB. A preferred structure for such a relationship is illustrated in FIG. 4A. As with the 
previously-illustrated embodiment, this embodiment includes a ZDB 70 having a PLL 72 and 
delay generator 74. An external resistor 80 is positioned between delay generator 74 and 
ground or a voltage reference. Instead of connecting delay lines on the input side of PLL 72, 
delay lines 76 and 78 are located on the output of PLL 72 to provide a timing shift for each 
output signal CLKOUT for which an adjustment is desired. As illustrated in FIG. 4B, the 
timing difference A T between the CLKIN signal and signals CLKOUT1 and CLKOUT2 is 
dependent upon the value of external resistor Rext 80. Because no delay lines are connected 
in series with output signal CLKOUTN in the example illustrated in FIG. 4, there is not a 
timing difference between CLKIN and CLKOUTN. 

[0034] The same circuitry that was illustrated in FIG. 3 and previously described 
can be used to create the delay lines and adjust the delay value of the delay lines in FIG. 4. 
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[0035] The many features and advantages of the invention are apparent from the 
detailed specification. Thus, the invention is intended to include all such features and 
advantages of the invention which fall within the true spirits and scope of the invention. 
Further, since numerous modifications and variations will readily occur to those skilled in the 
art, it is not desired to limit the invention to the exact construction and operation illustrated 
and described in the specification, claims, and drawings herein. Accordingly, all appropriate 
modifications and equivalents may be included within the scope of the invention. 
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